A study was conducted to evaluate the short-term effects of feeding two dietary Se sources at various Se levels on the transfer of Se to the dam's milk and nursing pig. Six dietary treatments were arranged in a 2 × 2 factorial arrangement with two additional treatments in a randomized complete block designed experiment. Inorganic (sodium selenite) or organic (Seenriched yeast) Se sources were added to the diet at .15 or .30 ppm Se. A non-Se-fortified corn-soybean meal basal diet served as a negative control, and a sixth group was fed .15 ppm Se from both inorganic and organic Se sources. A total of 43 sows were fed their treatment diets at 2.2 kg/d from 6 d prepartum to parturition and at full feed through a 14-d lactation period. Ten sows were initially bled at 6 d prepartum, and three sows and three pigs from their litters were bled at 7 and 14 d postpartum. Serum was analyzed for its Se concentration and glutathione peroxidase (GSH-Px) activity. Colostrum was collected within 12 h postpartum and milk at 7 and 14 d of lactation. When the basal diet was fed, sow serum GSH-Px activity declined from 6 d prepartum and remained low throughout lactation. When dietary Se levels increased, sow serum Se concen-
Introduction
The mulberry heart condition in young pigs, attributable to a vitamin E and Se deficiency, still prevails in some swine herds. The deficiency normally occurs 1 Salaries and research support provided by state and federal funds appropriated to the Ohio Agricultural Research and Development Center, The Ohio State Univ.
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tration and serum GSH-Px activity increased (P < .05) at both 7 and 14 d postpartum. The short-term feeding of either Se source at .15 or .30 ppm Se did not affect colostrum Se content when inorganic Se was fed, but it was increased when organic Se was provided. This resulted in a significant Se source × Se level interaction (P < .01). Milk Se at 7 and 14 d postpartum was 2.5 to 3 times higher when the organic Se source was provided and resulted in a significant Se source × Se level interaction (P < .05). When the combination of inorganic and organic Se was fed at .15 ppm Se, colostrum and milk Se contents were similar to those of sows fed .15 ppm Se from the organic Se source. Pig serum GSH-Px activity was not affected at 7 and 14 d of age by dietary Se level or Se source fed to the sow, but serum Se increased (P < .05) as dietary Se level increased, particularly when sows had been fed organic Se. The results demonstrated that organic Se increased milk Se content more than did inorganic Se and increased the nursing pig's serum Se. These results indicate that inorganic Se was more biologically available for sow serum GSH-Px activity, but organic Se was more effectively incorporated into milk.
within a few weeks postweaning, but the onset may have its origin during the preweaning stage. Because α-tocopherol is not effectively transferred across the sow's placenta, neonates have low tissue and serum α-tocopherol concentrations (Mahan, 1991 (Mahan, , 1994 . Serum tocopherol declines in neonatal pigs within a few days after an Fe injection, implying that the vitamin was probably lowered because of the formation of free radicals (Loudenslager et al., 1986) . Both colostrum and milk supply α-tocopherol to nursing pigs (Malm et al., 1976; Mahan, 1991) .
Selenium, however, is transferred through the sow's placenta and mammary tissue (Mahan et al. 1977) . The Se content in neonatal tissues and the sow's milk supply was lower when an inorganic vs an organic Se source was fed (Mahan and Kim, 1996) . Sows fed organic Se had pigs of a higher Se status both at birth and weaning than sows fed inorganic Se. Sow milk α-tocopherol and Se contents both decline with advancing parity (Mahan, 1991 (Mahan, , 1994 , suggesting that the progeny of older sows may be more prone to the deficiency onset than pigs of primiparous sows. Pigs of a poorer Se status encounter the Se deficiency sooner after weaning than those weaned at a higher Se status (Mahan et al., 1975) . Because nursing pigs are dependent on the sow's milk supply for vitamin E and Se, a high concentration of these nutrients in the mammary fluids of the lactating dam may be critical in preventing the deficiency onset in young pigs.
This experiment evaluated the effectiveness of adding inorganic or organic Se at various levels to sows' diets from late gestation through lactation on sow colostrum and milk Se contents and the subsequent effects on the glutathione peroxidase (GSH-Px) activity of the sow and nursing pig.
Materials and Methods
Gestating sows had been previously fed a 14% CP corn-soybean meal diet fortified with vitamins and minerals that met or exceeded the NRC (1988) nutrient standards. All of the previous diets that these animals had consumed from weaning through gestation had been fortified with supplemental sodium selenite at .3 mg Se/kg.
The experiment was a 2 × 2 factorial arrangement with two additional treatments and was conducted in a randomized complete block design (RCB). One of the two factors evaluated the effect of Se source (sodium selenite [inorganic] or Se-enriched yeast [organic] ), and the second factor evaluated the supplemental Se level (.15 or .30 mg Se/kg) added to the diet. A non-Sefortified basal diet served as a negative control, and a sixth treatment group used a combination of the inorganic and organic Se sources, each added at .15 mg Se/ kg diet.
Treatment diets were formulated to 1.00% lysine using a mixture of corn, soybean meal, and synthetic lysine. The diets met or exceeded NRC (1988) nutrient standards. The composition of the basal diet is presented in Table 1 .
Experimental animals during their pregnancy had been housed in individual gestation crates in an enclosed facility with temperatures averaging 21 ± 4°C. They had been fed 2.0 kg of a 14% CP diet that contained .30 ppm Se (sodium selenite) until the start of this experiment. A total of 43 ([Yorkshire × Landrace] × Yorkshire) sows were subsequently allotted on the basis of parity and body weight within three farrowing groups to one of the six treatments. At 6 d prepartum, the sows were placed in individual farrowing crates and fed their treatment diet once daily at 2.2 kg to parturition. Upon farrowing, sows were fed their treatment diet initially at 2.5 kg, but 1.5 kg of feed was cumulatively added each subsequent day until 3 d postpartum, when they The product added was an animal-vegetable blend of fat with an antioxidant added to maintain stability. c Sodium selenite was premixed in ground corn (200 mg/kg) and added at the appropriate level to the treatment diets at the expense of corn. The premix and diets containing the premix were analyzed for Se and contained the calculated amount for the treatment group. were provided their diet for ad libitum consumption to weaning (14 d).
A random set of pregnant sows (n = 10) were bled at approximately 6 d prepartum, and serum was collected for the determination of serum GSH-Px activity and serum Se concentration. At both 7 and 14 d postpartum three sows and three pigs from their litters from each treatment group were bled from the anterior vena cava or by cardiac puncture, respectively. Serum was subsequently harvested and analyzed for GSH-Px activity and Se concentration. Within 12 h after farrowing, approximately 30 to 40 mL of colostrum was collected from the functional glands of each sow after the injection of oxytocin. At 7 and 14 d postpartum, 30 to 40 mL of milk was again collected from all sows. The colostrum and milk samples were frozen and later analyzed for Se.
Sow and litter weights were collected within 12 h after parturition. Sow weights, sow backfat thickness (Renco Lean-Meater, Minneapolis, MN) at the last rib, and pig weights were subsequently collected at 14 d postpartum.
Analytical Methods. Colostrum, milk, serum, and diets were analyzed for Se using the fluorometric method of AOAC (1995) . Serum GSH-Px activities were determined using the coupled method of Lawrence and Burk (1976) . Statistical analyses of the data were performed using the GLM procedure of SAS (1985) using the RCB design of Steel and Torrie (1980) . Individual sow, whole litter weight, and average pig weight within litter were considered the experimental units. The main effect and the interaction between the two Se sources and two Se levels were evaluated. Treatment contrasts for Se levels were evaluated with linear regression analysis, but the non-Se-fortified treatment group was included in the regression analyses for both Se sources. The treatment group that contained the combination of both Se sources was contrasted with all other treatments using the LSD method after a significant F-test (P < .05) was attained. The least squares treatment means are presented in tabular form. The average treatment milk Se contents at 7 and 14 d postpartum are presented in graphic form to more clearly show treatment responses.
Results
Reproductive Performance. Sow weights, lactation feed intakes, parturition performance, and litter performances were not affected by dietary Se source or Se level (Table 2 ; P > .15). Because treatment diets were initiated late in pregnancy, these reproductive measurements would not be expected to be affected by these dietary treatment variables.
Sow and Litter Serum Measurements. Within 13 d
after the non-Se-fortified basal diet was fed, both serum GSH-Px activity and serum Se concentration had declined from the initial 6 d prepartum to the 7 d postpartum period (Table 3) . When the sow diet was supplemented with Se, serum GSH-Px activity was higher at 7 and 14 d postpartum as the dietary Se level of each Se source increased (P < .01). When both inorganic and organic Se sources were provided in combination at .15 ppm Se, sow serum GSH-Px activity was low at 7 d postpartum, but, by 14 d postpartum, the GSH-Px activity was intermediate to the values when .30 ppm Se was provided from either Se source.
Sow serum Se concentrations increased as the dietary level of Se increased (P < .05) at both 7 and 14 d postpartum. Although serum Se values were numerically higher at each measurement period when the organic Se source was fed, the responses were not significant (P > .15).
Pig serum GSH-Px activities were generally similar for all treatment groups at 7 d postpartum. By 14 d of age, pig serum GSH-Px activities were higher than the 7-d values, but the differences between sow treatment groups at the latter period were again not significant (P > .15). Mahan et al. (1999) had previously demonstrated with grower-finisher pigs that serum GSH-Px activity increased as pigs aged.
Pig serum Se concentrations at 7 d of age were similar for both Se sources but increased as the dietary Se level fed to the sow increased (P < .05). By 14 d of age, pig serum Se increased as the dietary Se level increased and was highest when the sow dietary Se source was organic. This resulted in an interaction response at 14 (P < .05) but not at 7 d (P > .15) of age.
When both inorganic and organic Se sources were provided in combination to sows, each at .15 ppm Se, the resulting nursing pig serum GSH-Px activity and serum Se concentration were similar to those of the other treatment groups at 7 d, but at 14 d of age pig serum Se was similar to that of the pigs from the sow group fed the .15 ppm Se organic Se source.
Colostrum and Milk Selenium. There was no difference (P > .15) in colostrum Se content when either the basal diet or the inorganic Se source was fed to sows; however, a higher colostrum Se content resulted when the organic Se source was fed. This resulted in an interaction (P < .01) between Se source and Se level for colostrum (Table 4) . When sows were fed .15 ppm Se from the inorganic and organic Se sources, the colostrum Se concentration differed from that of the sows fed the basal and inorganic Se (P <.01) diets, but it was similar to the colostrum of sows fed organic Se at .15 ppm Se. Milk Se contents at 7 and 14 d postpartum were influenced by both Se source and dietary Se level. Milk Se content was 2.5 to 3 times higher at both 7 and 14 d postpartum (P < .05) when the organic Se source was compared with the inorganic Se source. The milk Se content from sows fed the combination of the inorganic Selenium level × Se source interaction (P < .01).
f,g,h,i
Means within each row with different superscripts differ (P < .01).
j Selenium level × Se source interaction (P < .05).
and organic Se sources was again similar to the milk Se from sows fed .15 ppm Se from organic Se. These results suggest that Se from sodium selenite was less effectively incorporated into the milk of lactating sows. The average 7-and 14-d milk Se values for the various treatment groups presented in Figure 1 demonstrates the effect of these dietary Se treatment variables.
Discussion
The sows used in this experiment had been fed diets during their entire life that had been supplemented with .3 ppm Se from sodium selenite. Because a decline in serum GSH-Px occurred by 7 d postpartum or within 13 d after feeding the non-Se-fortified diet, these sows were apparently unable to maintain serum GSH-Px activity levels. Consequently, their tissue Se reserves or its mobilization were apparently inadequate to meet the short-term Se demands of this lactation experiment. Sunde et al. (1989) had previously reported that when a Se-deficient diet was fed the half-life of GSH-Px was approximately 3 d, responses consistent with the nonSe-fortified diet data of this experiment. When sows received diets that contained supplemental Se from either inorganic or organic Se sources, serum GSH-Px activity increased, but more so at 14 d than at 7 d postpartum. These results suggest that the diet currently being fed to sows seems to be the principle source of Se for serum GSH-Px production and(or) activity, rather than labile Se tissue reserves, that the production and(or) activity of GSH-Px was stimulated by providing either organic or inorganic Se, and that the response may be somewhat quicker when the inorganic Se source was fed. The latter suggests a higher bioavailability of inorganic Se for GSH-Px production and(or) activity than the organic Se source, consistent with previous results (Mahan and Parrett, 1996; Mahan et al., 1999) .
The higher colostrum and milk Se contents when sows were fed organic Se demonstrated that more of the absorbed Se from the organic Se source was effectively incorporated into milk than when inorganic Se was provided. Although there was a small linear increase in milk Se when the inorganic Se source was fed, there was a greater increase in milk Se content when the organic source was provided. The current NRC (1998) standards for Se are .15 mg/kg diet for reproducing sows, but the supplemental level frequently used in the feed industry is .30 ppm Se. Our data suggest that higher dietary levels when using inorganic Se would not produce much of an increase in milk Se content. In contrast, the feeding of organic Se effectively increased milk Se content and would probably increase the Se status of pigs at weaning as reported by Mahan and Kim (1996) . Kelly and Power (1995) had previously demonstrated that the Se in the dietary Se-enriched yeast source was high in the selenoamino acids, principally selenomethionine (∼40%), selenocystine (∼15%), and selenocysteine (∼ 15%). The data from this experiment indicate that the organic Se fed to these sows may have been effectively incorporated into the milk proteins, probably as one or more of these selenoamino acids.
When the organic Se source was fed to grower-finisher pigs, much of it was retained in muscle and liver tissue (Mahan and Parrett,1996) . In adult sows, these tissues are more mature and less would be expected to be retained. Consequently, more of the absorbed organic Se selenoamino acids would be diverted to the mammary tissue and incorporated into the milk. The results of this experiment suggest that the bioavailability of Se in sow's milk was substantially higher when the organic Se source was fed.
Lactation feed intake of these sows was considered good and resulted in an approximate Se intake of .80 to 1.60 mg Se/d for the sows being fed .15 or .30 ppm Se, respectively. If we assume a daily milk production of 10 kg/d, approximately 30% of the inorganic Se would be incorporated into the milk; whereas, when the organic Se source was fed, approximately 80% of the Se would be in the milk supply, for an approximate 2.7-fold increase in bioavailability.
Pig serum GSH-Px activity increased as the pigs aged, a response consistent with previous reports (Mahan and Kim, 1996; Mahan et al. 1999) . The data from this experiment and that of Mahan and Kim (1996) indicate that the GSH-Px activity of nursing pigs is less than at older ages. This experiment demonstrated that even when the non-Se-fortified Se diet was fed to sows (i.e., .07 ppm) during this brief period, there was no effect on their progeny's serum GSH-Px activity during the 14-d nursing period of this experiment, but there was an increase in the serum Se content of the pigs. The latter suggests that the Se status of pigs at weaning could be improved by fortifying sow diets with more Se. Mahan et al. (1975) had previously demonstrated that Se reservoirs at weaning were important in the prevention of the deficiency postweaning. Because the Se status of weaned pigs is critical in preventing the onset of deficiency postweaning, these results imply that incorporating organic Se into the diets of gestating and lactating sows could improve the Se status of nursing pigs and may prevent the onset of deficiency in young swine postweaning.
Implications
Studies were conducted to compare the efficacy of inorganic or organic Se sources at two dietary levels on the transfer of Se into sow's milk and subsequently to the nursing pigs. The feeding of either Se source from late gestation through a 14-d lactation increased milk Se content and the serum Se concentration in nursing pigs. Milk Se was 2.5 to 3 times higher when the organic source was fed than when the inorganic Se was fed at similar supplemental levels. A combination of the inorganic and organic Se sources, each at a dietary level of .15 ppm Se, resulted in milk Se and pig serum Se values that were similar to those of the sow group fed organic Se at .15 ppm Se. From milk and serum Se data, an organic Se source seems to have a higher bioavailability of Se in the milk of adult sows, but inorganic Se has a higher biological activity for glutathione peroxidase activity.
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